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FROM:  H.  L.  Michael,  Assistant  Director 
Joint  Highway  Research  Project 


June  %   I960 
File:  1~5~2B~32 
Project  No.:  C-36-5IB 


The  attached  report  entitled  "Airphoto  Interpretation  of  'Lngineerw 
ing  Soils  of  Ecsciusko  County,  Indiana,"  completes  a  portion  of  the  pro°» 
ject  concerned  with  Engineering  Soils  mapping  from  aerial  photographs* 
The  report  was  prepared  by  P„  T.  Tea,  Reseeroh  Enginoer  and  Jag.  Narain, 
former  research  assistant,  Joint  Highway  Research  Project. 

Tiie  soils  mapping  of  Kcseiueko  County  was  c.ono  primarily  by  airphoto 
interpretation.  However,  the  soil  borders  are  justified  by  field  investi= 
gation.  To  increase  the  value  of  the  county  soil  naps,  the  major  soil 
type3  were  sampled  and  teste  were  perfor.asd  in  the  soil  laboratory.  The 
soil  testing  data  included  grain«aiae  analysis,  plastic  limit,  liquid 
limit,  optimiaa  moisture  content  for  maximui     .eight  from  standard 
prcctor  test  and  CER.  The  soils  were  classified  under  the  Unified  Soil 
Classification  System  and  the  Bureau  of  ublic  I  oads  System. 

An  ozalid  print  of  the  engineering  sod  and  the  test  data  and 
the  appropriate  classification  listed  in  a  table  on  .  te  shoots  are 
included  in  the  back  of  the  report. 

-3poctfuLly  submitted, 


H»  L.  ?Iichaol,  Secretary 
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jiving  Highway  and  Urban  Problems 

by 

K.  D,  V.'ood3s  Head,  School  of  Civil  Sngineex'ing,  arid 

■or,  Joint  Highway  Research  . : 

for 

lkth  Annual  Ohio  lingineering  Conference 
April  I960 


Introduction 

According  tc  (1)  the  first  Turnpike  Conpany  it:  Ohio  t 

Ss  -:       3  ■". 

Dope  ted  in  190A  vdth  a  budget  of  $10,000,;     In  56  years  this 

great,  state  has  developed  100,000  Riles  of  good  roads  vdth  12,000  niles  in 
the  3tate  systems     Since  1956.-   Ohio  and  other  st-  .4  on  hi 

33  unmatched  in  the  history  of  man. 
Uhat  has  research  contributed  during  the 

•hat  ch  contra  this  acoelor 

the  next  10  to  20  years  of  greatly  accelerated  construction?      here  sh: 
^arch  be  done  and  by  vjhora?     Pertinent  to  this  highway  and  ur_i\- 

j  of  rx 
,  of  ir  ntereat 

j  the  .  ':jems  oj 

Canada,  .Iav-uiian  I  le^Lco  and  the  "A3  state:," — anr< 

at  largo » 

rlef  presentation  vrill  bo  directed  to  providi. 
contributior 

I  • 


Uhl  rped  indeed  without  acknowledgraE 

of  fc  ly  great  research  contributions  of  the  Bureau  of  IVolic  Ix>ads,  t 
industry  itself,  plus  contributions  from  foreign  sources,  as  for  instance, 
British  Read  Research  Laboratories, 

iSarly  .'  itions 

In  1959  tills  au     2)  raised  the  question  as  to  whether  or  not  the  Civil 
Engineers  of  this  country  could  have  handled  a  highway  program  of  the  r: 
the  current  one,  30  ox   4C      ago<,  A  quick  suxvey  of  the  state  of  the  art 
1920  and  1930  will  show  without  question  that  our  capabi] 
2y  inadc  e  with  modern  &&£iu\y  problonso  Since  that  time,  li- 

the collective  research  contributions  of  Highway  Departments,  universities  t! 

lament,  laaterials  producers,  added  to  the  rjreat  efforts  of  • 
of  the  Highway  research  Board,  American  Association  of  Gtate  Highway  Official  . 
the  American  i.'ociety  of  Testing  iiatcriaici,  have  made  possible  the  ability  of 
Departments  to  execute  their  present  responsibilities  and  the  in.      in 
rr^et  the  demands  of  this  tremendous  b'  ildiag     -:m©  It 
of  the  bureau  of  Public  lioado  and  the  Congress  of  t 
to  pursue  basic  programs  of  research  have  been  provided  currently  to  pr 
findings  which  can  be  used  to  guide  the  financing,  planning,  de. 
:.on  of  there  modern  highways. 

bhe  science  * 
it  ic  our^rir-       >te  an  occaoiona] 
in  service — with  a  c     zable  mileage  still      used  i      3  for  i 
pavomontgo  3ono  concepts  of  basic  design  were  dovelopec 
through  controlled  test  sections  and  test  roads  de:;:i 

of  sue* 
: 
ashing!        !•  (4),   At  tho  son*?  t.lno  the  result,*  lrom  the  "Datee  Teat 


until  about  1945  o     ; 
,3  constructec  >ign  concepts  failed  — 

.  secti  ,-y  v.tiere  clay— lilce  soils  pry!  2d  and 

high  volume  of  heavy  loads  (69)  ised  for  a 

cated  (12'  )«,     Test  roads  again  became  popul 

,rch  Hoard  un  a  road  project  1  in  Liouthei 

TIis    .estern  Association  of  -tate  Uighvay  Officio.;:  the 

ailed  "UuiilO  itoad  Test"   (?,   C)  and  the  23-mLLU.on  dollar  AASIIO  Road 
wa  ived,   bull  at  this  writing  ia  still  under  teste 

During  this  40-  vest  roads>"  a  vide  variety  of  highly  rei 

was  pcrformad  in  the  laboratories  of  the  Dureau  of  Public  Roads,  universities, 
Departments,  ma  producers,   and  others „     The  highv/aj  peric 

ical  "Public  -  bhis     iv.-  and  the  international 

Lghvray  Research  Hoard"  ..ras  o^.  in  1920  unde.  uspicc 

:  oral  Losearch  Council  !  lished  by  the  National  Acaden:    of  Science 

The  :un  /association  oi  Officials  iras  organized  in  1914«     Or— 

.  'u.is  o£  research  12)«     The  early  tech 

in  lov-cost  roads  sue;  sand-clay" 

li5,  16 )j  and  "bituminous-earth"  roads  (17)»     Bituminous  pavoirients  were  constr 
on  city  streets  long  before  the  turn  of  the  century  and  by  1910  consicc 
Uablo   (13,  19)»     Brick  (20,  21)  ".as  used  commonly  an  a 

•.Sj  and  j  to  bo 

(22,  23,   2  .uch  nai  so  (25),   Ladd  (26),   i.'intom 

Burton  and  Benklenan  (  >yd  (29).,  and  Terzaghi  .,  32)  bo<:an  to  < 

in  the  literature  during  this  period  because  of  increased  interest  in  h: 

grades.     The  classical  work  on  the  gradation  of  aggregates  and  tho  dev 
of  the  vv.l.  u.ller" 

• 
fiolria  o;'  rcaterialn  reae-xi-cn©      Oojuaittee   u-4  011  ttoau  ana  A'avmn  .materials  ox 


.  nalop  iiBthods  of  I  rod 

As  incl  granite  bl  rick,  -: 

mittee  C-9  on  Concrete  and  Concrete  Ag  as 

an  I9ii  Leadership  of  Ganford  E.  Thompson  (33)  but  Cossnit 

>ils  for  Engineering  .rtirposes  i;as  not  organized  until  1936» 
Soon  after  1920  interest  uas  evidenced  in  sons  of  the  broad  aspect? 
engineering  inc  finance  (34)*  economics  (35,  365  37),  traffic  and 

,  39,  40,  41,  42,  43,  44),  and  the  relationship  of  highv&ys  to  other  fo 
transportation  (45,  46,  47)-     The  current  gr-eat  interest  in  continuing  rosea.! 

id  ciany  other  facets  of  '■  -Ttrisvz  is  indicated  by  i. 

tliat  over  twenty-si:  nundred  people  were  registered  at  the  January*  i960  annv 
nesting  of  the  ay  research  jjoard  in  '  ashingtcn,   D«   G<, 


■   ■ 

?forts  between  the  Ohio 

nc  highway  re.. 
i-  F.  II.  lino  (43,  49*  50>  51j      Interest  c? 
o   in  the  subject  of  highway  soils  las  created  by  a 
made  by  a  he  advisory  commission  to  the  Jhio  D     lent  of 

to  the  effect  that  ,!« . .,  »highway  engineers  were  showing  extreme  lack  of  judf 
in  the  location  an     bruction  of  roads  u  en  the  least  stable  of  soils'' 
,engine<  ing  off  the  good  coil  and  ^astin^  it  in  order  to  1>-\>ji 

road  upon  3  clay  soil"  (43*  ?»  1)«  This  resoarch  proji 

organised  as  a  joint  undertaking  betvreen  the  University,  the  Highway 
Departr.     id  the  Bureau  of  Public  Roads »  Included  in  the  program  were  ex- 
sive  laboratory  studies  and  wide-scale  field  work  including  the  installation 
ely  scattered  subgrade-    nient  sections  in  which  a  variety  of  i 

:d  were  several  types  of  p,ranu3ar  bases  and  nanv      of 

* 

deal  t.  luding  cement,   Ii?ue,  bituminous  materials,  and  o1 

rivilege,   in  the  late  193'd's  to  insicet  thoroughly 
,3  still  in  service*     une  result  of  this  ourvc 
nt  of  c  persoual  opinion  that  ./rofessor  Sno  would  have  "discovered"  so; 
the  19    ■  -eco^nized  the  need  for  control  of  nixing  ' 

•cement  mixture 0 

Inivors. 
;oo»ration  vas  I  ;0i'ted  by  Taylor  et  al  in  1935  (53)*  ^ 

outstanding  informati-  developed  for  the  h  urcau  conveying  the 

pile  r  .      or  bridge  foundations a 

-or,   in  19.'  >rivilcged  to  ro.jort  th. 

ive  yc 


..ay  soi] 
:his  report  was  one  of  the  early  sots  of  typical  embankment  c< 

.  461  Ohio  tested  in  1936,.  This  work 

\nci  in  19S<%  Jo3lin  (55)  presented  curves  averaged  from  10^000  sai 

;y  used  on  various  types  of  earthwor  j      ry. 

Other  examples  of  cooperative  work  betvreen  the  University  and  the  Hi 
trtment  can  be  ciied~~hov;ever,  those  re  present  outs-'.      cases  and  ir 
a  lon/3-' :        of  interest  on  the  part  of  both  organisations  toward  cooperative 
nig  ■■•  Then  too,  Ohio  has  lon^  been  i.eU-represcnted 

and         sera  of  the  staff  oi      ureau  of  Tests  and  by  many  en'/mcer. 
.  central  office,,  and  by  members  of  the  university  staff  on  committees  and 
1  well-lcnown  organisations  as  the  Highway  liesearch  I.:oar 
•;ational  Lesearch  Council,  tho  American  Society  of  Civil  .ii;inoers,  The 
Society  for  Testing;  i-iatcr±als»  and  American  Association  of  State  Highway  1 

ican  Concrete  Institute,  Association  of  Asphalt  Paving  Technolo^i3t:-,  and 
rs« 
Sig/oificant  to  the  above  mentioned  cooperative  programs  is  the  fact  thi 
throe  involved  high'.iay  soil  mechanics*  Consider  for  a  moment  the  potential  if 

octrui.i  of  hi^hisiy  engineering  is  opened  for  joint  research  effo;. 
Highway  engineering,  in  the  broad  sense,  stretches  beyond  the  scope  of  Civil 

Lng  as  it  does  on  finance,  administration,  ta:. 
a  the  h 
-■e  disciplines  are  In  addition  to  tho  conventional  Civil  /xi.L;± 
suci  as  Structural  .iigineoring,  Soil  hechunics  and  Foundation.      ri.->is, 

^ruction,         lginoering,  and  o  icrati-rsv 
0  •  country  -      'ida  air;  equipped 


>pe  oi'  unsolved  problems  encountered  in  the  hi  i 
the  practicing  highway  er^gineer  of  the  Federal, 
and  local  govexojments  and  the  professional  staffs  of  the  institutions  of  h 

into re sted  in  joint  research  effort  So  Many  such 
have  been  developed  in  the  separate  states  of  the  United  States  and  in  some  of 
the  provinces  of  Can     As  a  general  rule  tie  cooperative  effort.?  between 
Highway  Departments  and  universities— and  frequently  vdth  Public  Toads  as 

bant  third  party~"have  tv;o  main  objectives,  namely  (a)  the  solution  of  prol 
confronting  the  highway  agency  by  the  application  of  research  techniques,, 
may  be  jjnmediate  or  long  range  pixfclenss  both  basic  and  applied  researc 

the  encouragement  of  promising  young  engineers  to  pursue 
e  pro  ^rams  in  Civil  gngineering  so  that  they  may  be  able  to  contribute 
through  their  own  research  ana  through  teaching  in  universities  or  in  the 

ederal,  otate,  local  government  agencies,  or  the  highway  industry  i 
It  is  important  to  note  here  that  the  h      industry  itself  has  some  consid« 
able  responsibility  in  contributing  to  research  and  development  and  to  the 
feiiov;ship  programs  of  our  colic      I  universities  dedicated  to  graduate 
liany  of  the  cooperative  programs  have  been  very  successful*  lov.-a  ;Jta1 
University  and  the  University  of  Illinois         long-term  informal  .- 

il'.iois  111  rtnonts  rospec 

■■ 
e  recent  years,  more  fori.ial  arrcngoments  have  been  initiated  in  both 
both  formal  and  infox'mal  arrangements  botv.'eon  the  Highway  .;opartnent  and  a 
r  university  arc  coa  on  in  the  '  i  nada — a 

cooperative 

Qy0     Among  tiic  states     ith  1 


t  cooperative  programs  have  boon  est, 
i  state  a,    Indiana,   Kentucli  yland, 

chigan,   Ik  /irt~inia,  igtonj   and  t 

ses  of  Alberta  and  JntariOj    Canad 
Inpoi  ch  contributions  by  Loparbraents 

Caid  .  couri,   Mew  York,  and  Jhio— to  nana  a  fe 


RP 

>erative  btighvay  research  x 
.rojeet  started  informally  at  xiirdue  University  in  1936  (. 
nizaiion  ii&s  ec      jd  as  a  result  of  an  agree  1     itv.'een  the  Ch 
,.,tate  Iiighi-3ay  Coords sion  of  Indiana  and  the  uean  of  the  Jchools  c-f 
rdue  University*  During  the  first  year  the  Commission  budgeted 
s,25?O:j0  for  resoarcl     :>n  larch  11,  1937,?  the  organisation  \as  established 
ict  of  the  Dtate  Legislature  which  permitted  the  Commission  to  allocate 
Lly  for  the  operation  of  the  research  or*-- 'nisation,,  In  19  : 
legislature  revised  the  1937  act,  to  raise  the  permissive  amount  the  Highi 
Dep       may  allocate  to  the  University,  The  offices  and  laboratories  are 
tj  the  Civil  Uj     rijng  Duilding  at  Rirdue  Uhiversity0 
Close  contact  is  maintained  with  the  ilighvsy  Department  through  an  Ad- 
•do     The  Doard  outlines  policy,  receives  and  recommends  projects,  receives 
.ts  on  projects,  approves  release  of  research  data,  and  recommends  to 
artment  and  the  University  I     .     j  funds  to  be  allocated, 
bh  the  program  of  research,  the  Highv;ay  Department  members  a: 
the  research  endeavors  toward  the  most  pressing  Indiana  highway  probleri 
to  apply  quickly  the  knowledge  gained „  In  turn,  the  University  Board  . 

50I  the  University  resources  torard  th« 
>lve  soa 

a  unit  in  tlrr 
and  is  achnnistered  by      .ad  of  the-  School  of  Civil  Ijigineoring,  v/ho  a 
as  Director,,  At  the  present  time  there  are  nine  research  divisions, 
iioils,  Concrete  and         smonts,  .itur.iiuouo  Materials  and 
rpretation,  Chemical,  Traffic 


*ms*  aiK-  icational  covo 

;raduat  j10     At  the  present  tine,   the  staf:  bhe 

jludes  24  full— t/  Ic/ees  and  15  half-time  graduate  reseai 

assistants,  ttes  are  o  part-tii  :  to 

assist  on  reseajrc  to  the  many  dozens  of  research 

he  staff  in  the  24-year  period  of  the  Project's  existence^ 
3s  imports  have  beer:  from  time  to  time  (573   5*$  59 )» 


i«  a  fe".:  hi  2  the  ■  ork  of 

he  research  led  into  t 

local  interests,  and  those  of  State  end  national  interest 
So ol  .^ochanics_ and  /djrohoto  Jjorko  An  ideal  area  of  cooperative  research 
in  the  E  Lon  and  or        characteristics  of  soils,, 

scially  true  in  the  iiidwest  ivhere  strong  research  and  graduate  prog:  ; 
sloped  as  at  i-urdue  university  and  here  at  Ohio  State,  for  instance*  The  State 
Highx-jay     ssion  of  Indj     els  strongly  that  one  of  the  najor  cont 

.heir  program  arch  en  Indiana  Soils  (60)  published  in  19' 

A  ;::     zed  er  of  Indiana  is  included  in  this  foullctii 

vil  Survey  in!  >ed  in  engineering  term 

Research  lias  continued  for  the  past  17  years  in  refining  engineering  soil 
bou"      in  various  counties  of  Indiana  (61) „  Aiere  is  goo: 
tha       ric  v.dll  co      at  en  accelerated  rate  as  a  resi     the  de 

liana  project  which  will  include  pai*ticipation     e  Joint      y 
roject  vdth  the  *urduc  Agricultural  -ixperinent  station,  the  G 
Conservation  Service,  and  the  Lureau  of  AXjblic  Ijoadso  This  kind  of  coo^cxati 
rch  is  almost  ideal  for  the  state  of  Ohio.  ^iviJ 

oatly  c  xat  (counties 

jtfovidot  witl 

srial3  of  construction* 
At  Purdue,  intc        continuod  for  20 

fvx>ot  action  (6."\,  63)j 
>5,  66,  67),  b:  .        irscs  for 

I,  and 

a3   (76),  en  deflection  ibn 


• 

sarch  Project  aloe  operates  a  to  inte 

photo.;.  rch  laboratory o  Thin  v  Lop 

irphoto  in!-  ;    bation  and  the  science  of  phor     aetry  as 
\o   the  loci  tion  and  planning  of  u     ?.rea3  and  highway  oystonsn  ihe  ]      >ry 
primarily  concerned  v.dth  the  development  of  the  use  of  aerial  surveys  to  eval- 

oharacii.ericoies,  engineering  soil  typos,  location  of  aggregat. 
■■r.i  materials,  and  special  ap;     ions  of  photo .  -     ry9 

tate  of  Indiana  has  of  the  required  i 

jraphic  naps  series*  >n,  a  drainage  rappii 

.vidual  counties  v;as  instigated  i     nid-1940's  (73)  •  The  aerial  phol 
graphs  vrere  used  to  delineate  ephemeral  and  perennial  drainage  channels « 
92  -.    i,  s  have  been  complet :  Count; 

1  inch     La  2  miles  has  been  prepared*  i.deo  coj 

he  drainer     dty  and  c:      areas  for  planning  purposes  (79 )o 
The  photogrannsetric  section  develops  special  studies  that  cannot  be 
Led  in  the  highx-ay  Jepartnsnt ' s  iftotogranmetric  Laboratory  ('^)J  C-radi 
idents  have  -..orked  o      studios  as  the  "Photo  -surement  of  — 

intities  in  iii       istruction."  Another  project       inves'* 

in 
rol  (:)!)*     3ora  interestin 
has  also  been  conploted  in  the  uoo  of  acilal  strip  j        y  for  various 
y  and  airport.  .,  Including  the 


•  $9I^:^i9^^9SI^J^P^J^^Wfiy  ■  "      soiid  very  practical  area  for 

■i  the  field  of  aaterials  of  construction*  ^ach  of  tl 
.  :Ij,  geological*  and  major  political  units  of  the  continent 

erials,  peculiar  to  the  particular  unit,,  and  not  necessary' 
-non  with  adjacent  areas,,  Ohio  n».y  have  problems  in  conraon  vdth  ail 
rour,  Pennsylvania,  'eat  Virginia,  Xentucliy,  Indiana,  and 

Michigan  a  is  likevdse  time  that  all  of  the  prcblcros  vdth  native 

materials  in  ^»hi.o  are  not  in  common  vdth  any  of  these  sister  states.  It  is  ..Tac- 
tical then  to  consider  a  state-vdde,  cooperative  research  program  on  the  distri- 
bution and  engineering  characteristics  of  the  materials  commonly  used  in  highway 
construction. 

Using  again  the  highway  research  in  Indiana  as  an  example,  large  laboratory 
field  programs  have  been  underway  for  about  20  years— and  the  laboratory 
programs  are  being  continuedo  One  of  the  early  contributions  was  laade  possible 
tailed  studie~  of  the  performance  of  concrete  pavements*  Vhc 
iced  a      correlation  betv:een  the  source  of  coarse  aggregate  used  in  con- 
ction  a  factory  or  unsatisfactory  iierforr.iancc  of  the  pavement  ( 

his  paper  v.as  chosen  as  the  1943  Highway  i-eooarch  Av&rd« 


ved  that  the  Buscoptibility  to  blow-ups        udicat: 
of  i      of  poc  rogatoo,  which  vAien 

3d  in  short  1        tally  in  areas  of  scvei'e  frost  vdth 
clay-like  characteristics.  'I'hio  research  as  of  rat  importance  in  develop! 
ications  (      )  for  portland  client  concrete  aggregates  but 
'•  inflv 
rxbauiionccnt  ork  led  to  many 

Leal  In 


studied  in  an  effort  to  understand  thai-"  performance  in  frost  action, 

lvcd  the  porosity,  permeability,  and  absorption  properties  of  the  ■■ 
good  correlations  were  obtained  between  those  p:.        nd  the  durability  h 

o;  this  work  was  reported  by  Lewis,  Bolch,  and  Yioods  (38)  aj 
cent.\y     '.oh  (S9},  She  gravel  aggregates  of  Indiana  havo   also  receiver 
resear     jntion  vri.th  i;j>3Cial  emphasis  on  chert  and  other  deleterious  subs: 

■sures  VJhich  mi^ht  be  employed  (91)  „  ' 
uctural  c       in  the  state  (92)  and  fatigue  of  air-entrainei  i 
have         .-  3d  attention* 

lavement  slipperiness      LVing-rrdxture  design  from  this  viewpoint  are  be- 
important  as  the       and  speed  of  traffic  continues  to  inc: 
, rials  from  which  lavements  are  made  ncod  to  be  re-cva.lus.ted  from  the  stand 
their  resistance  to  the  polishing  action  of  traffic  (94).  -'he  ramifications  of 
jy  and,  in  any  ixirticular  state,  research  is  needed  to 
highway  engineer  in  the  use  of  materia]      iesign  of  mixtures  to  provide 

he  Joint  ilighiiay  ljesearch  project  has  undertaken  la 
studies  to  classify  materials  as  to  polish  resistance  (95 )p  ,jLhe  mi: 
problem  has  been  invest5-gatad  to  provide  the  information  necessary  t 
of  the     ials  available,  'fine  most  recent  work  on  this  problem  ; 

ireo  for  ue-slic'. 
orator/  sand-mix  study  has  evaluated  ouch  factors  c 
content,  and  sand  ..:       ';)„  '■'•he  cooperative  stud.,'  ha        •  carri- 
the  field  for  the  developing  field  data  to  correla 

roouirc     hereby  to  ociflcationn  i     signer! 


Bitu:ainou5f  Jjg  j^  Bituminous  materials  and  bituminous 

re  receiving  increasingly  greater  attention  in  h..  ;r- 

atoriea  as  a  result  of  (a)  continuous  increases      traffic  volume  t 

increasing  use  of  bituminous  mixtures  for  fle;d.blo  pavement  construction  d 
reourf       Again,  some  of  the  research  of  the  Joint  Highway  research  ?ro~ 
jeet  can  bo  used  to  illustrate  hot;  a  Univer3ity-IIighw^y  Bcpartaent  cooperative 
ram  can  function  to  provide  research  data  for  use  in  solving  current  high 
problems^  The  basic,  long-tine  program  which  has  been  underway  almost  since  the 
inception  of  the  cooperative  \rovk  at  .airdue,  is  concerned  with  the  fundairiental 
characteristics  of  bituminous-aggregate  mi::tures  as  related  to  their  ability  to. 
carry  traffic  loads  0  in  xndiana,  thir  involves  a  very  wide  range  of  mixtures 
ubich  aro  used  under  a  variety  of  conditions  of  service,  ranging  from  low-cost 
secondary  surfaces  to  high-grade  M.tuminous  concrete.  This  ldnd  of  long-ran 
program  requires  frequent  observations  of  field  performance  and  great  effort  on 
part  of  the  research  team  to  develop  correlations  between  performance  and 
r  .methods  of  teste  Durability  of  mixtures  is  of  course  another  i 
or  research*, 
One  of  the  outstanding  contributions  in  this  area  of  research  Ins  b 
the  long-term  study  covsring  the  evaluation  of  several  laboratory  tests  ;x;rtairiing 
to  the  design  of  the  mixtures  end  performance  of  these  7     <ea   under  traff 
An  early  :tudy  of  this  Icind  covered  evaluation  of  the  I2xrchall  s  abilit 
-o th  3d  of  indi  .  th  value 3  (93)  • 

valuation  of  the  Hveeia  Jtabilomotor  root . 
ly  as  applied  to  mixtures  of  tho  open  type  and  as  opposed  to  the  do. 
to  which  the  tost  is  normally  applieo  (99) ,     In  evaluating 

se  was  Kane  of  rational  tests  such  as  unconfined  and  tr 

■taut  aspects  of  nixture  d: 


he  evaluation  of  mixture  variables  as  affected  by  the  i      is 
-  user-  *.any  of  the  studies  cited  above  bear  on  this  problem  (93,, 
99,  100) „  The  evaluation  of  such  factors  as  aggregate  shape,  both  in  the  coar 
i  fine  aggregate,  is  a  case  in  point  (101..  102 )6  At  Purdue  there  has  been  a 
continuing  effort,  to  understand  better  the  effect  of  load  variables,  as  det 
by  service  conditions,  on  defoliation  characteristics  of  bituminous  mixtures 0 
Temperature,  confining  condition,  rate  of  loading  and  repetition  of  load  are 
the  mjor  factors  studied  (3.03,  104).  -''lie  application  of  the  concepts  derived 
from  such  studies  in  order  to  give  practical  values  to  laboratory  programs  re- 
;s  close  cooperation  betvreon  the  laboratory  and  the  field  and  a  close  uni\ 
sit  .:ent  relationship,  I3ix  design  procedures  have  been  aodif: 

to  fit  the  conditions  in  Indiana  (10.5)  and  performance  data  are  obtained  throi 
test  sections  installed  by  the  Highway  Department  and  evaluated  by  *urdue  per- 
sonnel  (106), 

ither  area  to  -which  the  research  organization  hc/3   been  able  to  make  3igni- 
ficant  c  ^itributicns  concerns  the  duiability  characteristics  of  bitu?,ujna: 
tures.  ^ne  nat \xre   oi  this  problem  is  such  as  to  make  evaluation  difficult,  but 
fundamental  relationships  have  been  brought  out  by  laboratory  studios  (107). 
The  application  of  the  sonic  test  to  the  stripping  resistance  of  bituminous  mix- 
tures, because  it  is  a  non-destructive  type  of  test,  has  enabled  Ion 

a  solving  this  problem  (10 


Traf  f  ic_ ^jl^>3ri.n>T  and  lli/^hv.u:^  £JHff%infi,,  In  recent  years  Joint  'ii-jinay 
lissoarch  ^xx^ect  efforts  in  the  areas  of  traffic  engineering  and  highway  pi 
ning  havo  been  e:q^anded  and  the  outlook  is  for  continued  expansion,  especially  in 
urban  planning  and  transportation  economics,;  ^-'hese  contributions  to  the  Indi; 
transportation  system  and  specifically  the  tate  Ilighx.'ay  Jcjiartmont  of  Indiana  1. 
been  of  major  importance  „  Some  of  the  studies  which  have  proved  particularly 
valuable  arc  studies  of  highway  impact,  highway  "needs, "  ti-aff  ic  accidents,  the 
characteristics  of  traffic  on  Indiana  highways,  origin^estination  sur      he 
location  of  slippery  road  sections,  roughness  of  highways,  administration  and 
organisation  of  state  and  local  highway  departments,  and  county  highway  planm 
ihe  initial  studies  of  the  impact  of  highway  bypasses  are  well  known  : . 

ana  rocultca  in  a  broader  and  wiser  application  of  the  prin- 
ciple of  controlled  access  (109,  110,  121),  Impact  studies  are  continuing  and 
currently  an  attest  is  being  made  to  evaluate  the  influence  on  an  urban  area  of  a 

jor  liijhway  improvement  and  the  impact  in  rural  and  urban  areas  of  a  section 
of  the  Interstate  System*  The  i'roject  staff  vdth  the  assistance  of  personnel 
from  the  State  Highway  Department  conducted  a  ,!neods"  study  of  the  highway  syst 
in  Indiana,  which  contributed  heavily  to  the  passage  by  the  Stats  Legislature, 
the  almost  unive.  sal  acceptance,  of  legislation  which  in  turn  ;)i>3vided 
clod  hi     ••evenue  (112,  113).  --iich  information  obtained  in  tfc 
•ly  being  used  in  higiv.  ay        in  Indiana  and  c  sui' 
study  which  was  a  part  of  the  needs  study  provided  tho  impetus  for 
tiie  "jtate  Highvay  depart:  rnt  of  this  priority  toolo 

In  the  area  of  traffic  safety,  recent  research  .'.rejects  have 

iij,»  between  olementa  of  tho  road  ay  and  accident-,  and  methods  of 


of       tter  ;       .  suited  in  the  finding  and  the  subsequent  n 

•jor  cause  of      nta  at  2?  out  of  33  high-accident  locations. 

■  completed  in  this  area  has  also  produced  a  technique  of  acoi 

ich  results  in  the  e££iait»&.   location  of  olippc        >ns  of  highway  go  th; 

they  can  be  "deslicked. "  The  nethod  not  only  locates  3li._     actions  but 

a3.so  assigns  a  priority  of  remedial  action  ;<hich  considers  the  slipperiness  c 

pavenent  and  tho  volune  of  traffic  on  tho  highway.  The  technique  provides 

selection  of  ^itco  -.hich  correlate.,  rery  v.eJJL  v.dth  the  results 

by  the  vahicle  stopping  distance  Eiethod,  a  technique  vhich  also  was  perfected 

by  research  in  the  Joint  .Iighway  I.os  :arch  rroject.  Staff  r.srbero  have  act: 

cooperated  x.ith  the  -metropolitan  Purvey  Unit  of  the  tote  Highway  Departnsent 

and  have  assisted  in  tho  performance  of  five  urban  origin  and  destinati 

while  at  the  saaie  time  using  the  data  for  research  on  methodology,  analysis,  , 

use  of  these  survcys0  Speed  trend  studies  have  now  been  conducted  for  the 

ars  anu  these  studies  along  with  a  study  of  the  volume  character:.. 

of  traffic  nave  been  of  value  to  the  Highway  i-laiming  Survey  Unit  of  the 

Highway  Jepartncnt:  The  iroject  also  developed  a  roughorr^ter  for  the  High 

Department  and  has  delivered  it  to  then  for  their  regular  and  continual 

Local  roads  have  also  received  attention  in  ^ reject  research  and  th 

nt  of  practic         f  local  road  identification,  classification, 

loped  (13-5,  U6).  in  order  t 

assistance  to  local  authorities  of  cities  and  counties  a  Vra:     gineer: 

Service  Unit  has  be        tshed  to  advice  and  study  local  problems  (11?). 

ivoo  mix?   re      ."or  at.     >o  fror.  local  authoriti. 

uts  in  --1  in  these  c 

tainod  .    expenditure  of  tiwe  a. 

Other  jj.vvortant  studies,  .-eject 

nduct< 


vhich  arc  partially  financed  with  Highway  i'lanning  Survey  funds 0  At  the  present 

e  several  such  studies  are  in  progress  including  research  on  the  Hydraulics 
of  Arch     as  (118).  The  breadth  of  Indiana's  highway  research  program  is 
further  i.-eflected  by  the  vrork  done  in  economics  (119),  finance  (120 ),   structu 
(121),  and  design  (122,  123,  124)* 


carch 
Ighvay  transportation  is     ly  involved  with  all  other  methods  of  trans- 
portation and  especially  vith  the  entire  problem  of  urban  development*  l.ork  : 
tiiis  area  needs  immediate  attention  and  your  author  strongly  recommends  careful 
consideration  tcvard  the  development  of  strong  programs  in  both  areas*  liany  high- 
ray  departments  are  already  interested  and  there  is  much  interest  on  the  part 
of  the  Bureau  of  x'ublic  icoadso 

l.oodbury  in  his  excellent  report  presented  at  the  January,  I960,  nesting 
of  the  :lighv;ay  Research  Beard  (125)  in  his  concept  of  a  nor;  pattern  of  urban  set 
ment,  state -j  that  "22ore  than  two— thirds  of  the  national  population  increase  is 
Coin^  into  standard  metropolitan  areas  outside  of  their  central  cities „"  He  also 
concludes  that  "0» ©shockingly  little  is  being  done  to  understand  this  major 

ncmonon  of  the  tines,  or  to  prepare  for  coping  v.ith  its  problems,  or  for  making 
the  best  of  the  opportunities  it  presents."  i)av.is  commented  at  the  sane  meeting 
(126)  tiiat,  "It  s3c.tj3  obvious  that  research  into  the  problems  of  the  functioning 
of  the  urban  com.  lex  requires  bringing  into  play  the  competences  of  a  number 
discipline s««..M  In  the  transportation  and  related  fields  important  cre-'.c  need 
ii.-j.      attention.  To  name  a  fov;  topics,  consider  some  of  the  following: 
1.      development  of  better  standards  and  techniques  for  origin  and 
destination  si 

20  nsit,  including  cost.;,  finance,  ^md  use, 

■1. 
L*     Pariiing  .        o  terminals. 

Expressways,  bypasses,  subways,  and  use  of  helicoptors, 
6,  Inter-fringe  travel,  trip  length,  and  limited  access. 
Vo  i*ob]  iold  of  _»litical  science,  including  city  and  tCW 

.  intor-govcr.        tions,  author 
Lonships* 


Legal  and  engineering  problems  such  as  land  acquisition  and  control,  \ 
of  eminant  dotmin,  building  codes,,  government  uiiik^irahip,  and  control  of  traff: 

9o  Economics  -  i.e«,  use  of  natural  resources,  residentlal-business~industrial 
td  use,  ownership  of  utilities,  etc0 
10o  iublJ.c  and  private  housing,  and  sluu  clearance • 

11.  Uso  of  water  for  power,  cooling,  etc.,  flood  control,  sanitary  engineer 
and  services  and  utilities,,  public  health  and  hospitals* 

12 .  Urban  development  in  general, 

13.  iToblens  of  finance  such  as  ta;:es,  rentals,  housing,  private,  state, 
and  Federal  grants,  bond  issues,  etc. 

l/>.  Problems  of  fumes  and  noise e 
In  locking  at  this  problem  it  should  be  noted  that  much  research  has  been 
performed  and  that  a  great  deal  more  is  under.:ay<,  x-iiblications  of  research 
findings  are  widespread  including  suggested  programs  of  rcsoarch  (127, 
130)o 


Conclusions 

One  ci    .'is  besl  summaries  this  writer  has  seen  or.  the  value  o     way 
research  has       tie  by  Davis  (126)  in  his  chairman^  address  at  the 
meeting  of  the  ;!'       -earon  Boardo  He     rlzed  the  report  prepared  ! 
ilr.  U.  .  reau  of  i'ublic  1-oadc  as  follows:  ".o0the  Committee 

estimated  that  research  activity  related  to  highway  affairs  in  the  United 
in  195S  involved  an  expenditure  of  00103  i,,«17«G  million,  which  was  o*l£  percent 
the  direct  expenditures  for  highways  (including-  design,  construction,  :raintair 
and  administration)  in  that  year  of  aLmost  10  billion  dollars.  The  investment 
in  research  would  thus  appear  to  be  oiily  of  the  order  of  2  miLls  per  dollar  of 
direct      iiture  on  roads  —  a  rather  snail  proportion  of  i:hat  is  considered  by 
many  industries  to  be  a<  restacnt  in  tho  solution  of  future  .. 

It  has  been  a  pleasure  to  have  had  this  opix)rtunity  to  have  been     yc 
I  hope  my  brief  remarks  will  encourage  some  of  you  to  pursue  programs  of  high" 
research o 
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